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VSV-Q Pseudotyped Retrovector Medfatet 
High Efficiency fit Vivo Gene Transfer in 
Qflloma-Targeted Suicide Gene Delivery 

Josephine NaVbantogtu, Hewei Li, Andre Pautui-n, Franka 
SicUia, George Karpali, Jacques Galipeau, Montreal, QC, 
Canada ^.cf /2-V'-/>'X^ 

OBJECTIVE: To determine whether a retrovector ex- 
pressing the herpes siiriplex virus (HSV) thymidine kinase 
(TK) gene can be utilized for eCFident and tumor-specific TK 
gene delivery in vivo upon pseudotyplng with the Vesicular 
Stomatitis Virus G protein (VSV-G). 

BACKGROUND: Cancer cells engineered to express the 
HSV TK gene are sensitized to a toxic effect of the prodrug 
gancyclovir (GCV), This forms the basis for the strategy of 
"suicide* gene therapy of cancer. Direct in vivo tumor target- 
ing with repUcation-defective TK viral vectors is limited 
either Inefficient gene transfer (i.e. retroviral vectbra) or iih 
discriminate transfer of the transgene to acUacent hdit^ 
malignant tissue 0-e. adenoviral vectors). VSV^ pseudotyp«l 
vectors differ from standard murine retroviral pseudofiypoB 
by their broad tropism and by their physical stability. VSV-0 
retro vectors can be frozen-thawed and concentrated by uHia- 
centiifugation without loss of activity. These properties inay' 
make the VSV-G pseudotyped TK-expressing retrovector an 
efficient delivery system for targeUng tumors in vivo 

DESIGN/METHODS: A novel bicistronlc retroviral vector 
(vTKiGFP) was developed which expresses TK and EXJFP 
(Enhanced Green Fluorescent Protein). The EGFP serves as a 
reporter of provirus transfer and expression in target cells. 
Supernatant collected from stably transfected polyclonal vT- 
KiGFP producer ceU line was concentrated a 1000-fold by 
ultracentrifugation, raising the titer from 2.9x10^ cfti/ml to 
2.3 X 10 cfuAuL Concentrated retrovector stock was ir\iected 
stereotactically into pre-established tumors formed by Im- 
plantation of C6/lacZ glioma cells into rat brain. Subse- 
quently, rats were treated daily with GCV (l.p,) for a period of 
10 days. 

RESULTS: Control rats (tumor+, retro\'ector+, but nb 
GCV; n == 6) had a mean survival of 38 days (range 20-62 
days). Sections of post-mortem brain tissue revealed large 
tumors with evidence of high efficiency retrovector transfer 
and expression (as assessed by GFP fluorescence). Fluores- 
cence was restricted to malignant tissue. In the experimental 
group (tumor+, retrovector + and GCV; n = 12), two animals 
died early on Ukely from GCV toxicity; of the others. 8 out ojf 
10 remain alhre and weD >120 days post tumor Implantatioa 
CONCLUSION: VSV^ pseudotyped retroviral particlee 
can be concentrated to titers which allow direct Intra-tumoral 
deliveiy in vivo. The big^ multiplicity of infection which is 
achieved leads to biologically significant TK expression. The 
therapeutic efficiency of the direct ir\}ection of this retrovec- 
tor is demonstrated by the significantly Increased survival of 
animals with intracerebral experimental gliomas. 

Supported by: Medical Research C^oundl of Canada and 
Natiorud Cancer Institute of Canada 
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FiE- 1. Schematic rrpreset.rajuMis of pla.m»U an*J rcrrt>v<viori. A aF> pfi-;mtd rciruvtxtur server as a template for the cocxprcssion of tl:e EOFP repoftsr anJ of u linic«;U cDN A 
nf ^h. '2^™ H ; ^ t T"^""'' \?"^"':?r 1^' '^"^•'f''' ^'^"^S '^P'"^^^ pTKiGFT i> denvativc of AP2. which contains ilC-iSV TKgc»v. TrxisfcrJon 

S^ir^ii^!f-'"nv; rTJl ^'"l""'^ '1 produc<iofl of rci>UcMion-.Icfecnve reimr^iniclrs. C iirgct iran.Jaced wiih vTKiHFP will infrgtn.e ihe n=rrov«:ior 

m Iheir gervoimc D>A. The DNA Mmcture J flanked by I.TRs) and coding sequences are dcpicreil 
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All dau points were measured in iripliciiic in m leoFt three separate experi- 
ments, 

TltTatlon of Retro vector. Target glioma celU were plated at 2 x 10^ 
ccHs/wcll in 9 ."rix-wc I tissue cuUnre dish. The next dny, cells from a tesi wdll 
were inpsinizcd and cnumeraisd to determine bAscline cell count at the 
moment of vims expusure. Virus v,as serially diluted f range, ino ro 0.00 1 
in 4 final volume of 1 ml of RPWiVia% FBS supplcmentci: with 6 ^g/ml 
polybrenc (Sigma) and applied to adherent cells. Flow cytometric analysis was 
performed 3 days Itsier to dctermice the pcrceomse of rrFP+ cells. Viral iif«>r 
(cfu/ml) was extrapolaicd from the lebt point in which nonsaturaUag iransduc- 
!iOR conditions prevailed (J.e., rransditction efllclcrcy <Rn9:j. Tiici <cfu/ml) 
calculated as: 



Titcr - 



% CF P i c ells X cell numbe r at initial viral exposure 
Viral volume in ml applied 



Animal Model of Brain Cancer, ia Vifo Retrovector Uellvery, and GCV 
TrfRfment. C6/lacZ glioma cells will reproducibly generate leibal inirac- 
erebral tumors when injected in Sprague Dawley rats. The constitutive 
^-galactosidasc expression facilitates delineation {by X-gal staining^ of 
tumor cells and ext-nt of the tumor infiltrate in posimoricn brair. seniims. 
Adult Sprague Da^^ley rati were anesiliesi/.ed with i.p. injection of kcl- 
ominc (^50 rag/kg) ac.d xylazine (2 mg/kg). CG/IqcZ rat v.\\orAn cell* 
(2 X 10* cells in 5 ^] ofnBSS) were injected intracraniallv into thefrontnl 
bbe U5ini! a HamiUoo syringe in -.x stereotactic LppAjaius (Kopfj over a 
period of 15 min. The coordinates u^cd were 3.3 mm laterd to the bregma, 
I.O ram posterior to th.e coronnl plane, and 4.5 mm in depth of the durai 
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surface. Six days after glioma cell implantation, rats were ancblhesi^cd. and 
vTKiGFPfconceimated stock of 2.3 X JO'" cfu/ml) was injected of into six 
different sites (1 mm apart) in the preestablished tumor guided by the 
previous .^tcicoiaclic coordiniiles A toial volume of 9 }x\ was injected in 
each tumor (6 ^ 1.5-;lI increment), iinc' the needle was left in place for ut 
Ica.^t 5 min/incrcmerr (for a total of 30 minytutnor). Two days flftcr 
retrovector delivery, rati are trectcd with SO mp,/kg GCV i.p. twice ddily for 
5 days, followed by 50 mfi/kg once daily for another 5 days. After 
euthunasii, brains were removed and quickly frozen in isopeniune chilled 
with liquid niiroficn. Cnronal sections (10 Aim; were prepared. GFP activity 
WDs observed by epifluorescence microscopy and recorded photographi- 
cally. Subsequently. Aection.s w=rc stained hiitochemicolly for /^.galacto- 
sidase activity as described prcvfouily (41) before counter staining with 
H&E. 

RESULTS 

Retrovector Design and Synthesis. T-At AP2 expression vector 
(Fig. iA) allows the incorporation of a cDNA sequence in a Multiple 
cloning site upstream of an IRES and the EGFP cDNA. The tjan> 
scription initiaUon from 2 cyiomegalovinis promolcr will lead to the 
production of a bicistronic tuRNA incorporating both the in5?erted 
cDNA and the EOF? codmg sequence. Translation of both coding 
sequence.-? will be achieved from a .^ngle mRNA molecule, thereby 
ensimng cndominam expression of both protein products. Live ccUs 
expressing liGFP. which is delectahle by fluorescence microscopy or 
flow cytometry, will coexpress Ihc linked gene product. Gene-m'odi- 
fied cells can be implanted or transplanicd in animal niotiels. and their 
localization and funcUon can be traced based on expression of the 
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Fig. 2. Flow cyiomeuic analysis of vTKiGFP tranwJuctd glioma 
cclh. L'WR? human gliom.1 ^dls were rmnsduced wiih vTKiOFP and 
sub-jfcfjcntly analyicd by flow c>lomciry for grscii fluorescviice. as 
drscrbed in "Materijis and Meihods." GFT serves is a reporter tif 
rctrovecrar expression In u«n»duced ccUs. 
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EGFP protein. The AP2 expression vector incoq)ora:cs a replication- 
defective reuoviral packaging sequence and a retroviral 3' LTR. 
TninsfecLlon of an appropriate retroviral packaging cell line ciin lead 
to production of recombinant retroviral particles. Reiroparticles can be 
generated either by transient tiansfcction of pack;iging tell lines, or 
alternatively, stable producer cell lines can be generated by cotmns- 
fcction with a drug resistance plasmid. We hnvs generated rctropar- 
ticks by both methods with good success using the 293GPG retroviral 
packaging cell line. 

Ketrovector Transfer and Expression in Human Glioma Cell 
Lines. The 293GPQ packaging cell line was transiently transfccict! 
with pTKiGFP (Fig. IB), and supernatant containing VSVG-typed 
retroparticles (vTKjOFP) was subsequently ccllccicd, fihered/and 
frozen tor storage. Unman glioma cell lines (SKI-i, SKMG 4, 
SKMG-1. T98G. U\V28, and UWR7) were transduced v,iih rhrce 
consecutive daily applications of (liawcd vTKiGFP supern.iiaiu. The 
MOI was 4 nt each viral application. Six days after transduction, 
polyclonal cell lines were subjected to flow cytometric analysis to 
deierinine the proportion of cells rh«t expressed the GFP reporter 
protein. Ail polyclonal cell lines were [00% GFP-positive by fluo- 
rescence-activated cei; sorting analysis, and transduced UWR7 cells 
served as a representative example (Fig. 2). Wc have also found thai 



GFP cxprcs.'Jion could be easily detected in live cultured cells by 
direct visualisation with a ti.«ue calnire microscope fitted with an 
epi fluorescence light sojrce (data not shown). Southern blot analysis 
confitmed that unrciirranged vTKiGFT vector integrated in chrono- 
suiniil DNA of tiansduccd laigct ccUs (Pig. 3). vTKiGFP transduced 
cells have been passaged in excess of 30 'imes without loss of GFP 
expression. 

vTKiGPr Kvpression and GCV Sensitization. HSV TK cxpres 
sion will lead to the conversion of the prodrug GCV to its cytotoxic 
metabolite GCV monophosphate. Cells that do not express this 
enzyme arc refractory to GCV toxicity. We compared the GOV 
sensitivity of vTKiGFP transduced cells with unmodified parental 
cells a.*? well as cells modified widi a control, GFP-containing 
retrovector (vMSCV-DIG). Cells were plated in 96-wen dishes and 
expo.<5ed to GCV for a period of 6 days. Live cell content was 
assessed ccjlorinjctricaMy by MTT assay, and cell survival was 
expressed as a percentage relative to untreated cell.s. We have 
found that nil vTKiGFP-ey prpssing cell lines were sensitized to 
GCV. Comparing the GCV concentration that inhibits cell growth 
by 50% (IC,„), we found ±ai vTKiGrP-iransduced cells (all six 
cell lines aggregated) were up to 10,000-fold more sensitive to 
GCV than controls (ICjo t«is, 0.004 ixg/ml versus ICsoConiroIs; 40 



Fig 3. Southern Bloi i^ntijysis on vTK'iGFP- 
tnn&d'octfi glioma ccIIr. A/ler iran^ilufiion with 
vTKiGFP. the reirovcctor will inlegrarc into 
genoniic DNA. Ty\ gcKt of ge.nomic DKA with i^hel, 
which cuts uncc io caun n.atikJng LTR, and .»ubic- 
f^enr pn)hTr.g of .Southeni blot with z vcci.m* com- 
pkfncnlary .sequence will allow detection of inte- 
giflied pravutiJ scqi:cnce5 with :i predicted size of *i 
kb {rigJu). Left, ScutlKm blot uiutyst!; of tr:tns- 
thitcU (+) and unuansdiiced (-) UWR7 ccKs with 
a GFP cDNA-.%pecinc probe, as docribcd in "Ma- 
tenatjf and Mcdiods." Moleciilnr weights are !ndi- 
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Fig. 4. Gro*ih %u?rrfs?iGr of human gllcvma 
cells with OC'V. The Irulicaicrl hotujn glioma lxII 
Un<s acre tninvtiin.^'d with \TKiGF? {"Zi 'ir the 
cnmrol retnt»t>c(or NDHFHiOFPl Tv". Thc>c nnd tin- 
(ron-CuceJ comrul.s t v i v^ere "ubsequertl) exposed 
lo GOV f,ir (i (J;i>s. ;mil v<II si;rvi\:\I was meisrurf J 
b> ihc .MTT asijv as Jcscribed in "AfattfriaN antl 
MciIkxIs " PeT^tn{ >un j*-.»l is r''>n«^<l agiirk-;! GCV" 

<rjvaJ fixrasurcU in ihr« scpamtr cipcriwcnts. bars. 
SO. SD btnallcr than Jiia point icon are net Ji^• 
pUyctl. 
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^g/raJ: F < O.GOJ by Su;dcnfs / lest; Fig. 4). Growth rates for 
triuisduccd and parental cell lines In the absence of GCV were 
identical (data not shown). 

Concentration of vTKiGFP Retroparticles. The most direct 
mcan5 of transducing a rumor in vivo h to inject the therapeutic 
retrovector infratumorally. If the aim is to transduce ns mnny tumnr 
cells as po.ssibJe. a wnjild he dp.sirahle to injccr a concen Irjted 
vector stock to achieve a high local MOJ. We determined whether 
viable vTKiGf^ rcrroparticles could be concentrated by uttracen- 
trifugation as described previously (31). As a first step, we trans- 
fccted 293GPG cells wirh pTKiGFP and a Zeocin resistance pla5 
raid (pJ6bleo). A stably iransfccied, Zcocin-rcsistanl polyclonal 
producer cell population (293AP3) was generated. Flow cytometric 
analysis for GFP fjuoresccncc revealed that 42% of this mixed 
population stably expressed the pTKiGFP vector DNA (Fig. 5). 
Tetracycline withdrawal from the culture media will lead to the 
production of VSVG-iyped vTKiCFP rctropaniclev Wc collected 
relroparticle-coniair.ing media daily from the 293 AP3 producer 
cells from days 3 to 8 after tetracycline wiihdrawal. Supcmatan: 
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was cleared of cellular debris wiiJi a 0.45 filter and frozen. We 
have noted that twice daily media collection, as opposed to once 
daily, doubled the yield of reiropariiclcs from producer cells after 
tetracycline withdrawal (data not shown). Media were thawed. 
pouIeJ, and subjected ro uUraccntrifugniion as described in "Ma- 
terials and Methods." Supernatant was concentrated 8^-foid (20- 
0.21 ml) by ultraccntiifugafioii. TItc concentration step raised the 
titer from 2.9 X 10' cfu/ml lo 220 X lO' cfu/ml. as measured on 
UWR7 human glioma cells (Fig. 6). Concentrates (R4X) were 
pooled and subjected to a second ultraceotrifugation to achieve a 
final lOOOx (lOO-ml initial volume to 0.1 ml final volume) con- 
centration. Titer of lOOOx retrovector was 2.3 X 10'°, as deter- 
mined on rat C6 glioma cells (1%. 6). Concentrated retrovector 
aliquots were stored at 80*C until further use. We have observed 
chat unmp.nipuhied (unconcentratcd) supernatant from tctracy- 
cline-dcprived 29^GVC producer cells cau be toxic lo target cells 
if applied repeatedly However, no toxicity wns observed on target 
cells if concentrated supernatant was used for tratisduction pur- 
poses, even at the highest tested MOI (>100). 



BNSIX)CID: <XP 926033A_l-> 



PSEUDOTYPEn FiTTTONTRAL \TCTOR FOR BRAm CANCER 

293GPG null 



Fig. 5. Flow oioicelric analysis of 293AP3 producer celli. 
293GPG packaging cslU wera stably transfertcd with pTKiCFP 
and a Z^ocin resistance plasmid. A mixed population of Zeocji- 
rcsisunt 293AP3 ceJIs w:»s crneralcd nv* cboTflclcrized for GF? 
exppcsrior. by flow cyioniClry ts described in "Maierials acd McJj- 
odj 'Oie perceftlagc of GFP f cells i^ {ndic:i(f!U. Tl»e.« cclk ^err 
subsequer;:ly jsed to genenite vTKiGFP stock for coTKen:ra»ion 
uid in r/V0 detivery. 
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Rctrovtctor E.vpresslon after Ineraturaoral Injection of Con- 
centrated vTKJGFP Retroparticles. Implantruion of C6/lacZ gU. 
oma cells wQI reliably lead to the establishment of intracerebral 
tumors in inimunocompetent Sprague Davvley rats. This cell line will 
generate large lociU tumors that ore iiiiifonnly lethal withir 60 days 
after the initial stereotactic injection af 2 X 10* cells. Funherraore. 
C6/lacZ ccKs constitutively cxprc'is /J-galactosidase, which perruts 
the assessment of lumor exlent and local invasion in X-gal-suiined 
postmortem brain sections. Eighteen rats received 2 x 10* C6/lacZ 
cells via stereotactic injsction in the iHgh: brain hemisphere. Six days 
later. 9 pel of lOOOx vTKiGFP retrovector (2 X 10'° ctWml) were 
injected at the tumor sice using the same stereotactic coordinates. Of 
these 18 rats, 6 were randomly chosen and treated with saline. Saline- 
treated control rats had an average suivival of 3S days (range, 20-52 
days). Postmortem exainination of brain revealed macroscopic intrac- 
erebral nimors, except for one ral. wliich died with leptomcninseM 
tumor spread 8 days after lumor injection (which was excluded from 
further analysis). Fxamlnation of frejih frozen brain sections by epi- 
fluorescence microscopy shows that in all aniinaLs, a prcdonunnni 
proportion of glioma ceils fluoresce green (Fig. 7/\), inducing dis:nni 
micrometastasis. Normal surrounding brain tissue is bereft of greco 
fluorescence. No gr^cn fluorescence was obsenvd in untransduced 
brain tumors (Fig. 7C). 

GCV Treatment of Rats with vTKiGFP*targc(cd GUomas. Of 
18 rats having received intratumornl vTKiGFP retrovector, 12 were 
subsequently treated with GCV. TVo days after retrovector injection, 
rats received 50 mg/kg GCV i.p. twice daily for 5 days, followed by 
50 iKg/kg once daily for another 5 day.<:. SigrLiHcant GCV toxicity, 
including transient limb paresis and otorhagia, was noted in some r<ics 
in the week after GCV treatment. Of 12 GCV-treated rats, two died 
within 10 days after drug treatment, presumably from direct GCV 
toxicity (both animals had brain tumors <1 mm in diameter on 
postmortem). The other 10 rats fully recovered from GCV toxicity. 
Two rati developed tumor relapsp.*; at :hc initia! injection site and died 
of progressive disease at day 82. Examination of brain tissue sections 
on these lace relapses, revealed focal GFP expression in the :umi>rs 
(Fig. 7£). Significanay enhanced surv'iva! was nhtained; 8 of 12 
GCV-trcated test rats (66%) remain long-term survivor; (>120 days). 
A supplementary control cohort of six rats implanted wiih C6/lacZ, 
but without suh.^equcnt retrovector administraiion, was treated with 
the same GCV regimen. These controls had an average life span of 47 
days (raiige, 31-63 days; Fig. 8). Witli our experimental C6 glioma 
model, we have not observed a significant difference in average 
survival between the two control groups [saline controls versus GCV- 
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treaind null tumnr':, P =^ 0.37 (Smdent t lest)), suggesting thai GCV 
treatment, on :is own. does not have 3 measurable impact on survival, 
as has been suggested by others using 9 L glioma implants (42). These 
differences may he due different biological properties of these two 
experimental glioma inocels. 

DISCUSSION 

Engineering rumor ceils to express die HSV TK cDNA will lead to 
ilieij deiiULClion if they ane subsequently exposed to nontoxic nucleo- 
base analogues such as GCV. This "sjicidc" effect is accompanied by 
"bystander" toxicity* on adjacent tumor cells not expressing TK, so 
diat A minority of engineered tumor cel'.s, perhaps nu more than 
10-259S:, will lead to 100% tumor eradication (5, 15. 43). Clinical 
application of this therapeutic stiategy requires relatively high cffi- 
cjcrjcy TKgznc transfer to pree.«?tabliihcd tun:ors. Funhermore, "col- 
Iptcrnl" gene transfer to normal adjacent normal tissue would have to 
be curailcd to prevent GCV toxicity to normal brain tissue. 

The idTfinity of recombinant relroparticle^ for target tissue is defined 
by the cnv protein. Murine ampho tropic retrovinjses, from which arc 
derived many of the iherapeuiic retrovecfors in glio ma-targeted gcnc 
delivery, will only bind target cells that express a specific inorganic 
phosphate transporter (29). If a target tum.or does no: express the 
retrovirus receptor, gene transfer-ancJ therapeutic bcaefit-iif unlikely 
to occur. Retroparticles tl^at ?sc pseudntyp^d witli the VSVG protein 
will adopt the wide host range of ihe VSV. The putative VSVG 
receptor on target ceils, which is believed to be membrane phospho- 
lipid (44). is ubiquitously found al. eukar>'otic cells. This has led to 
the use of VSVG-pscudoiyped rctio vectors as gene delivery vehicles 
in a wide assortment of mammalian, noamamnialian, iind invertebrate 
crlls (.11. 45-49). A major advance Li pseiidotyping rctrovectors with 
VSVG wa.«j achieved when a practical 'transient" VSVG retroviral 
packaging cell line was designed (31). The subsequent publication of 
reliable "slabic*' high-liter VSVG packaging cell lines (50, 51), in- 
cluding 293GPG (34), has allowed the developnr>ent and characferiza- 
lioa uf p.<:eudoiypcd rctrovectors for a wide variety of gene Iraiisfer 
applications (52). including tumor cell-targeted gene delivery (53). 

We have cxajriined the utility of a VSVG-pseudot>'ped suicide 
retrovector for glioma targeted gene delivery. To frtcilirate analysis of 
vector transfer efficiency and expres.«:ion in target cells, we engineered 
a retroviral expression vector that incorporates HSV TK rmd the 
EGFP reporter cDN'A within a bici.'i-j'onic Iran.script (pTKiGFP). We 
have found that codominani expression of the HSV TK cDNA and of 
the EGFP reporter fiiciliraces a wide assortment of proceduies asso- 
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ng. In vno ironsducrion of C6/lacZ lumors with ^TKiGFP. B/aIn lumoti were hnrvcticd poiimortem as JcacHbed in "M»teri»l« mid Me-thnH* " 4 and B tumor from a conlicl 
f« l.hal rece ved vJKinFP without fubscqjcm trr.irr.cm wiJ, GCV<ra'. wos sacrificed on d^y 30 Uitt .umor implai>tAdon rfuf io ai^^^hid ttMe). C »nd D nimorfrom a control ra Uiai 
did n« fcs-fve vTKICrP but wa.< ircated with GCV (»at was socriHcxd on day 43). E ajid tumor from a test roi that received vTKiGFP and mhsequcnt EreaUiKot wiib GCV which 
stifTered syinplomMic recurrent lumor (rot was sacrificed on day 82). GFV expression (A. C. and £) wns comparci; wilh subsequent hhtochcmicaj staining of C6/1acZ lumor ceili wilS 
Ac Aubsbate X-g»l {B. D. nnd D. XIOO. T. tumor; //. rormaJ bniin. 



crated with synthesis and characterizntion of viral vectors. Among 
these arc the abilit>' to measure end point Utcr from stnble letrovirol 
producer cells (Fig. 6; as well as potential use for selecting GFP-f 
producer ceils with a cell .sorter device. Wc have also found that the 
EGFP reporter can serve as a sensitive cniirVer of rcirovector expres- 
sion in targeted Ussue in vino (Fig. 2) as well as in vivo (Kg. 7). 

We generated a stable retroviral vTKiGFP producer cell line 
(293AP3) derived from the 293GPG packaging cell line (Fig. 5). 
UpOQ tetracycline withdrawal, this retroviral producer ccU line will 
express the VSVG envelope protein and generate pseudotypcd retro- 
viral particles. Wc found that VSVG-pseudotyped reuopanicics in- 



corporating vTKjCFP will lead to high efficiency retrovecior transfer 
to human glioma cell lines in Atro. In contrast with standard trans- 
fecticn techniques, or with the use of more "standard" retroviral 
pseudotypes. we have not required dominant selection of subpopula- 
lions of cells to achieve 100% transgem-positivc cell populations. 
Rclroparticlc-conditioned media collected from 293GPG cells tran- 
siendy tnmsfected with pTKiGFP was used to generate vTKiGFP- 
iransduccd gjionia cell lines. We noted that transducing glioma cells 
with conccnlraled retrovcctor with a single application at a MOI of 
-5 led to >90% gene transfer in targeted cells (Fig. 6). Gene 
expression was durable as assessed by persistent GFP expression 
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<>30 passages) and by funccioaal HSV TK expression, rendeiing 
VSVG-associiHed pseudoiransduction (46, 54) unlikely. Having gen- 
erated \TKiGFP-lrans(luceil cell lines, we confirmed that the proviraJ 
genome tnteyratcd unrearrangeU by Southern analysis, dcnrionsiraling 
ihc stability of the viraf vector as designed (Fig. 3). This is of some 
imjKirtance, especially in light of recent reports documenting rear 
ranged "suicide"* retrovirdl vectors as a cause of GCV reiisiance in 
transduced tumors (55). Viriually all glioma cell lines transduced with 
vTKiGFP acquired subsianiiai and signific^mt sensitivity to GCV in 
vitrtf (Fig. 4». Our experimental design based on the use of polyclonal 
transduced cell populatioas for cytotoxicity as.say.? supports the hy- 
pothesis tha: vTKjGFP gene transfer, on the average, will express 
biologically significant levels of TK in a gene-mod ified cell. Neither 
the transduction process (with a conuol retrovcctor) nor expression of 
the CFP rrporter, on their own, sensitizes cells to GCV (Fig. 4). 

Important characterisiics of VSVG-pssudotyped rctropanicles are 
their ability to sustain concentration by ultracenlrifugation ajid re- 
peated frecze/ihaw without Joss of activity. These propeities have 
allowed us to collect rctroparticle-condiiioned media on a daily basis 
after tetracycline withdrawal firnm the 293AP3 producer cell line. 
ReiropaiTicle-containing medium was frozen and stored until funher 
use. Large volumes of frozen supcrriataiU can be thawed, poobd, and 
subjected to at least two cycles of centrifugation with efficient ret- 
rovecior recovery. We concentrated 100 ml of media to a final volume 
of 0.1 ml flOOOx concenlrarion on volomc basis). This wa.^ accom- 
panicfd by an 800-fold increase in titer from 2.9 to 2300 x 10'^ cfu/itU. 
We nutcd thai supcniataiii fm;n tctracjcline-dcprivcd 293 AP3 pro- 
ducer cells could be toxic to tajfiei cells if applied rrpeare.dly. We also 
obscned tliis phenomena with other 293GPG-dcrived pnnduccr cells 
(data not shown). Inieresiingly. we observed that cfincenirated retro- 
particles, which had been rcs jspcnded in scrum-free media, did nol 
have this property, although they would be delivered at a M0[ higher 
than that nchievabfc with the uncoiicciitrated supernatant. This sug- 
gests that supernatant from tetracycline -deprived 293CPG cells con- 
lains toxic coustilucnt(s) that are readily discarded upon concenUatioD 
procedure. 

To test the therapeutic usefulness of this reagent, we used a rodent 
model of brain cancer. Wc established C6/lacZ glioma tumors in 



immunocompctcnl Sprague Dawlcy rats and subsequendy adminis- 
tered concentrated vTKiGFP retrovcctor intratumor^lly. Intratumoral 

detivcrv- of 9 ii\ (-10" rclroparticles) of concentrated vTKiGFP 
retrovector stock did not improve survival of ariimals who did aot 
subsequently receive GCV. These coutro! raLs (tuinor+, re-j-ovcctor^-, 
but no GCV) had a mean survival of 38 days (rruige, 20-52 days). 
Posm-.ortcm examination of whole-brain tissue sections revealed that 
efficient and stable tumor-specific gene transfer had occurred (Fig. 7). 
Transgcnc expression pcr^i&ied in the growing tumor as long as rets 
survived after retrovector administration (data not shown). Examiiia- 
tion of surrounding normal brain tissue failed to reveal GFP fluores- 
cence (Fig- 7), suggei,ung that rclrovector integration and expression 
occurrcJ in tumor celli only and not in milotically quiescent aeurons, 
as would be expected from a retroviral vector. 

Twelve test rals received GCV after tumor- large led vTKiGFP de- 
livery. Of tlicsc. Ivvo died shortly (witliin 2 weeks) following the end 
of GCV treatment. This "acute" death rale attributable to direct GCV 
toxicity (—16^*) is comparable with that observed by other investi- 
g£!ors who administered GCV at equal or lesser doses (7. 42). The 
mechanism of death is likely related to cytopcnia and immunoqup- 
prcssioc a.ssociated with severe, albeit reversible, bone marrow tox- 
icity. Sun-'iving test rats fully recovered from GCV toxicity' —2 weeks 
after its completion. 

All of the test rats retuained olive and *eLl more than RO days alter 
tumor implantation. Two rats developed iymptomacic tumor recur- 
rences and were sacrificed on day 82 after tumor implantation (Fig. 8). 
nxaminarion of brain '.issue sections on these late relapses revetUcd 
large rumors with areas of green fluorescence interspaced with GFP- 
ncgativc tumor cells (Fig. 7). Tliis suggests that recurrence was due in 
part to growth of imtiansduced tumor cells, or of tumor cells in which 
Lhe retrovcctor was silenced after integration. Tlie presence (if GFP-r 
tumor cells suggests '.hai the GCV reeimcn was nol intensive and/or 
durr.blc enough to clinuaalc all transduced tumor cells in these rHts. 
Altemalively, a subset of transduced, TK-cxpressing cells may have 
acquired resistance :o GCV via some other means. Lastly, the "by- 
stander" effect, especially its immune effector arm, may vary ui 
intensity from animal to ani.mal. This '.nay explain the observed 
paUern of late relapses, suggesting that that tiierc was an early "sui- 
cide/bystander" effect that led to incrca<:ed survival but that some 
Tumor cells, iransdncec or not, "escaped" froni the bystander effect 
and evenluH-Uy led to a recurrence. However, the sum of the suicide 
and bystander effect was clearly sufficient to enhance survival of a 
majority of animals (66%) who received vTKiGFP and GCV. Our 
observed long-tcnofi s^jrvival rate (>nO days) is substantially greater 
than chat observed after inlratimioral injccrion of TK retroviral pro- 
ducer cells (19) and compares favorably with that obtained with 
suicide adcuoveciors (42). including those iiicorporaiiag lumor-spe- 
cific prnmotcr elements (22). 

In the experinicntal group, 2 of 12 animals died from GCV toxicity 
and 2 of 12 .succumbed lo late tumor recurrences. These data suggest 
tha' GCV dose reduction would be desirable to lessen toxicity; how- 
ever, the duration of treatmenl may need to be extended to allcw 
elimination of all gcne-modified cells. The relatively late recurrences 
(day 82 after tmplfmi), led i:s to speculate that the "immune" by- 
stander effect may have been mitigated in these two animals. It may 
be possible to incrense the immune response by coadministering 
imnunomodulaiory genes (/£,-2 granuliicyte/macrophage colony- 
stimulating factor) witli TK such as has been described by others (56). 
Fiuiherraore, it may be useful to rcadminister the suicide rctrovector 
10 those animal.^ who have residual disease after a cycle of tlicrapy and 
to repeat ihi.s until ma.ximal response has been achjevcd. However, a 
i<! unknown if a specific, and neutralizing, immune response against 
VSVG-typed rcfrop.irticles will he elicited. 
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This constitutes the Hrs: report of in v^'o dcliveo* of u cell-free 
retrovcctor concentrate with (umor-specinc. high e?"nciency gene 
transfer and expression, with evident bioiogically significant amitu- 
mor dcUvity. Wc propose chat concciurated vTKiGPP rctrovecior may 
be of :hcrapcuUc value for humans with brain cancer The high tiler of 
ihe corKcntratcd rcagcni wou.d allow inUaiumor delivery of a useful 
retrovcctor dose without the risks of injecting rcklivcly large volumes 
in a confined space (such as brain). vTKiGFP targeting of a tumor 
mass m vho should subsequently lead to i!s regression, and the 
bystander effect may have n significaji: impact on the biology of local 
and distant micrometastatic glioma deposits within the neuropil. This 
and related therapeutic reagents may also be uscfu: in Cic treatment of 
other lociUly advanced and metastatic maligniuicies. 
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Note Added in Proof 

A supple me ntorv' test animal chat had received vTKiGFP and GCVdied an 
day 115 ;ifter tumor implantation. On post mortem, ii hud a larfic intracercbial 
lujnor which w-us GFP aegauve. AU the oiher test animals (7 of 12) which haJ 
received trculnient remain alive and well 270 days after tumor implantation. 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/CAOO/00445 



1. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets whicti tiave been furnistied to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 17)): 
Description, pages: 

1 -33 as originally filed 

Claims, No.: 

1 -1 7 with telefax of 1 0/07/2001 

Drawings, sheets: 

1/14-14/14 as originally filed 

Sequence listing part of the description, pages: 

1 , filed with the letter of 27.06.2000 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the intemational application was filed, unless othenvise Indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication-of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of intemational preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 
H furnished subsequently to this Authority in written form. 

la furnished subsequently to this Authority in computer readable form. 

S The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 

the intemational application as filed has been furnished. 
JS The statement that the information recorded In computer readable form is identical to the written sequence 

listing has been fumished. 

4. The amendments have resulted in the cancellation of: 
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□ 
□ 
□ 



the description, 
the claims, 



the drawings, 



sheets: 



pages: 
Nos.: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire intemational application. 

IS claims Nos. 1 3 (with respect to Industrial Applicability). 



El the said international application, or the said claims Nos. 13 relate to the following subject matter which does 
not require an International preliminary examination {specif^: 
see separate sheet 

□ the description, claims or drawings (/nd/cafe parf/ci//ar e/0n7enfs beioW) or said claims NoS; are so unclear 
that no meaningful opinion could be formed {specity): 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 



because: 
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□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. lEI This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

ISI not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

IS all parts. 

□ the parts relating to claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1-17 

Inventive step (IS) Yes: Claims 

No: Claims 1-17 

Industrial applicability (lA) Yes: Claims 1-12,14-17 

No: Claims 

2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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EXAMINATION REPORT ■ SEPARATE SHEET 

Re Item ill 

Non-establishment of opinion. 

Claim 13 relates to subject-matter considered by this Authority to be covered by the 
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of this claim (Article 
34(4)(a)(i) PCT). 



Re Item IV 

Lack of unity of invention. 

The present patent application refers to methods and entities concerned with retroviral 
gene delivery into tumor cells. 

Specifically, the claims of the application can be grouped as follows: 

I) VSV-g pseudotyped retroviral particle for gene delivery into tumor cells, and 
method employing the same 
(Claims 1. 15) 

— II) " Tumor-specific retroviral expression system including a marker gene, and a 
second gene of interest 
(Claims 2-17) 

The technical feature (Rule 13.2 PCT) common to these groups is the tumor specific 
gene expression through retroviral delivery. 

This feature, however, does not define a contribution over the prior art, since retroviral 
gene delivery into tumor cells had been reported extensively in the prior art (see e.g. 
D1 and references therein). Since a special technical feature as required under Rule 
13(2) PCT is therefore lacking, unity of invention is compromized, and the above 
defined groups constitute two separate inventions. 

While applicants allege that "nowhere in Rule 13.2 PCT is there a requirement that a 
'special technical feature' be inventive", and therefore claim that the above defined 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 




INTERNATIONAL PRELIMINARY international application No. PCT/CAOO/00445 
EXAMINATION REPORT - SEPARATE SHEET 

groups are part of the same invention, the IPEA would like to point out that not only 
does the the full context of Rule 13 clearly indicate that unity of invention requires a 
"single general Inventive concept" (Rule 13.1), but also that in the present case, the 
question of whether the technical feature common to the above defined groups be 
inventive or not does not arise, since it is not novel. Therefore, the common feature 
does not make any contribution over the prior art (Rule 13.2 PCT) and is insufficient to 
support unity of invention. 

Since, however, the examination of these different inventions poses no excessive 
effort, no invitation to restrict or to pay additional fees is extended at the moment. 

Re Item V 

Reasoned statement under Art. 35(2) PCT with regard to novelty, inventive step 
or industrial applicability. 

1) Reference Is made to the following documents (the document numbering 
corresponds to their order of citation in the international search report): 

D1 : Nalbantoglu J. et al.:'VSV-G pseudotyped retrovector mediates high 
efficiency in vivo gene transfer In glioma-targeted suicide gene delivery' 

NEUROtOGY, volr52,i 2 Aprll,1 999 <1 999-04-12), page A425 

XP000964616 

D2: WO 99 04026 A (CHIRON CORP) 28 January 1999 (1999-01-28) 



Noveltv under Art. 33(2) PCT. 

2) Both documents D1 and D2 disclose subject-matter of claims 1-17. 

Document D1 appears to be a disclosure of the invention by the applicants prior to 
the claimed priority date. D1 discloses the construction of VSV-g pseudotyped 
retroviral vectors, which include HSV TK as therapeutic gene. Production of viral 
particles, injection into tumor tissue and treatment with gancyclovir, leading to 
necrosis of tumors treated with the pseudotyped recombinant virus, are described. 
Equally, the document cites the use of EGFP as a reporter of provirus transfer and 
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expression in target cells, and the establishment of a stable producer cell line. 

Likewise, document D2 discloses most of the features of the claims. This 
document describes lentiviral vectors, including flanking LTRs, a packaging signal, 
a primer building site, and one or more genes of interest (pg. 2). Preferred 
embodiments include pseudotyping with the VSV-g protein (pgs. 2-3), the use of 
an Internal Ribosomal Entry Site (pgs. 8-9), and a gene of interest. Examples for 
the latter are given with marker genes such as GFP (pg. 2), or therapeutic genes. 
A specific example herein is the expression of HSV TK, which, in combination with 
treatment with e.g. gancyclovir (pg. 13) leads to specific destruction of cells. The 
application to tumor tissue (pg. 17) is a preferred embodiment. 

Therefore, subject-matter of claims 1-17 is already present in documents D1 and 
D2, and the claims are not novel. 

Industrial Applicability under Art. 33(4) PCT. 

3) For the assessment of the present claim 1 3 on the question whether it is 

industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. The EPO, 
for example, does not recognize as industrially applicable the subject-matter of 
'^claims to the use of a compound in medical treatment, but may allow, however, 
claims to a known compound for first use in medical treatment and the use of such 
a compound for the manufacture of a medicament for a new medical treatment. 

Applicants wished to defer dealing with the issues of Novelty and Industrial 
Applicability to the national phase. 
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WHAT IS CLAIMED IS: 



1- A retroviral particle for delivering a gene to a tximor tissue cell, said 

retroviral particle being pseudotyped with a vesicular stomatitis virus G (VSV G) 
protein. 

2. A tumor-specific retroviral expression vector comprising a suitable 
promoter, a retroviral untranslated sequence including a packaging sequence and a 
primer building site, a cloning site perably linked to an internal ribosomal entry 
site (IRES), said IRES being operably linked to a first nucleotide sequence 
encoding a suitable marker, a retroviral 3* long terminal repeat (LTR) sequence, 
for expressing a second nucleotide sequence inserted in said cloning site. 

3. A retroviral expression vector according to claim 2, wherein said 
second nucleotide sequence comprises a therapeutic gene. 

4. A retroviral expression vector according to claim 3, wherein said 
therapeutic gene comprises a suicide gene. 

5. A retroviral expression vector according to claim 3, wherein said 
suicide gene is TK. 

6. A retroviral expression vector according to claim 4, wherein said 
nucleotide sequence encodes a Herpes simplex virus thimidine kinase. 

7. A retroviral expression vector according to claim 5 or 6, wherein said 
marker comprises a green fluorescent protein (GFP). 

8. A retroviral expression vector according to claim 5 or 7, wherein said 
expression protein is a GFP/TK fusion protein. 

9. A plasmid encoding a bicistronic, non-splicing murine retrovector 
comprising a multiple cloning site (MCS) operably linked to an enhanced green 
fluorescent (EGFP) reporter (AP2) for transferring a provirus to a target cell and 
expressing said provims into said target cell, for co-expressing a nucleotide 
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sequence inserted into said plasmid with said EGFP reporter within a bicistronic 
framework. 



10. A replication-defective retroviral expression vector comprising a 
suitable promoter, a retroviral untranslated sequence including a packaging 
sequence and a primer building site, a multiple cloning site (MCS) operably linked 
to an internal ribosomal entry site (IRES), said IRES being operably linked to a 
first nucleotide sequence encoding a suitable marker, a retroviral 3' long temiinal 
repeat (LTR) sequence, for expressing a second DNA sequence inserted in said 
MCS. 

11. An expression vector according to claim 10, wherein said marker 
comprises an enhanced green fluorescent protein (EGFP). 

12. An expression vector according to claim 10, wherein said promoter 
comprises a CMV promoter. 

13. A method for treating a tumor, the method comprising administering to 
a mammal suspected of having a tumor a retroviral expression vector comprising a 
first nucleotide sequence, said first nucleotide sequence being therapeutic, and a 
second nucleotide sequence encoding a marker, said first and second nucleotide 
sequences being co-dominantly expressed, and administering to said mammal a 
nucleobase analog. 

14. A method for detecting in vivo a genetically modified cell with an 
expression vector according to claim 9 to a tumor tissue cell of a mammal, the 
method comprising administering a retroviral expression vector comprising a'first 
nucleotide sequence encoding a retrovirus and a second nucleotide sequence 
encoding a marker, said first and second nucleotide sequences being co- 
dominantly expressed, and detecting the expression of said second nucleotide 
sequence by using one of fluorescence microscopy and flow cytometry techniques. 

15. A method for producing a retroviral particle according to claim 1, the 
method comprising stably transfecting a suitable cell line with the expression 
vector of claim 9. 
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16. A method for producing retroviral particles, the method comprising 

transfecting a suitable cell line with the expression vector of claim 10 and 
transfecting said cell line with a drug resistance plasmid. 



17. 



The cell line obtained by the method according to claim 14. 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/CAOO/00445 

i. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed'' 
and are not annexed to this report since they do not contain amendments (Rules 70, 16 and 70. 17)): 
Description, pages: 

1 -33 as originally filed 

Claims, No.: 

1 -1 7 with telefax of 1 0/07/2001 

Drawings, sheets: 

1/1 4-1 4/1 4 as originally filed 

Sequence listing part of the description, pages: 

1, filed with the letter of 27.06.2000 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the intemational application in computer readable form. 
H furnished subsequently to this Authority in written form. 

H furnished subsequently to this Authority in computer readable form. 

H The statement that the subsequently furnished written sequence listing does not go beyond the disclosure In 

the intemational application as filed has been furnished. 
H The statement that the infomiation recorded in computer readable form is identical to the written sequence 

listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ 
□ 
□ 



the description, 
the claims, 
the drawings, 



sheets: 



pages: 
Nos.: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing sucti amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

Hi. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be Industrially applicable have not been examined in respect of: 

□ the entire international application. 

^ claims Nos. 13 (with respect to Industrial Applicability). 



H the said international application, or the said claims Nos. 13 relate to the following subject matter which does 
not require an international preliminary examination (specif)^: 
see separate sheet 

□ the description, claims or drawings (indicate particular elements beloWj or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specif^: 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful intemational preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

IV. Lacic of unity of invention 

1. In response to the invitation to restrict or pay additional fees the applicant has: 



because: 
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□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. B This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

H not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the International application were the subject of intemational preliminary 
examination in establishing this report: 

S all parts. 

□ the parts relating to claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty. Inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: 


Claims 






No: 


Claims 


1 


-17 


Yes: 


Claims 






No: 


Claims 


1 


-17 


Yes: 


Claims 


1 


-12, 14-17 


No: 


Claims 







2. Citations and explanations 
see separate sheet 

Vill. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re item III 

Non-establishment of opinion. 

Claim 13 relates to subject-matter considered by this Authority to be covered by the 
provisions of Rule 67.1 (iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of this claim (Article 
34(4)(a)(i) PCT). 



Re Item IV 

Lack of unity of invention. 

The present patent application refers to methods and entities concerned with retroviral 
gene delivery Into tumor cells. 

Specifically, the claims of the application can be grouped as follows: 

I) VSV-g pseudotyped retroviral particle for gene delivery into tumor cells, and 
method employing the same 

(Claims 1,15) 

II) Tumor-specific retroviral expression system including a marker gene, and a 
second gene of interest 

(Claims 2-17) 

The technical feature (Rule 13.2 PCT) common to these groups is the tumor specific 
gene expression through retroviral delivery. 

This feature, however, does not define a contribution over the prior art, since retroviral 
gene delivery into tumor cells had been reported extensively in the prior art (see e.g. 
D1 and references therein). Since a special technical feature as required under Rule 
13(2) PCT is therefore lacking, unity of invention is compromized, and the above 
defined groups constitute two separate inventions. 

While applicants allege that "nowhere in Rule 13.2 PCT is there a requirement that a 
'special technical feature' be inventive", and therefore claim that the above defined 
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groups are part of the same invention, the IPEA would lil<e to point out that not only 
does the the full context of Rule 13 clearly indicate that unity of invention requires a 
"single general inventive concept" (Rule 13.1). but also that in the present case, the 
question of whether the technical feature common to the above defined groups be 
inventive or not does not arise, since it is not novel. Therefore, the common feature 
does not make any contribution over the prior art (Rule 13.2 PCX) and is insufficient to 
support unity of invention. 

Since, however, the examination of these different Inventions poses no excessive 
effort, no invitation to restrict or to pay additional fees is extended at the moment. 

Re Item V 

Reasoned statement under Art. 35(2) PCT with regard to novelty, inventive step 
or industrial applicability. 

1 ) Reference is made to the following documents (the document numbering 
corresponds to their order of citation in the international search report): 

D1 : Nalbantoglu J. et al.:'VSV-G pseudotyped retrovector mediates high 
efficiency in vivo gene transfer in glioma-targeted suicide gene delivery' 
NEUROLOGY, vol. 52,12 April,1999 (1999-04-12), page A425 
XP000964616 

D2: WO 99 04026 A (CHIRON CORP) 28 January 1 999 (1 999-01 -28) 



Noveltv undftr Art. 33^2) PCT. 

2) Both documents D1 and D2 disclose subject-matter of claims 1-17. 

Document D1 appears to be a disclosure of the invention by the applicants prior to 
the claimed priority date. D1 discloses the construction of VSV-g pseudotyped 
retroviral vectors, which include HSV TK as therapeutic gene. Production of viral 
particles, injection into tumor tissue and treatment with gancyclovir. leading to 
necrosis of tumors treated with the pseudotyped recombinant virus, are described. 
Equally, the document cites the use of EGFP as a reporter of provlrus transfer and 
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expression in target cells, and the establishment of a stable producer cell line. 

Likewise, document D2 discloses most of the features of the claims. This 
document describes lentiviral vectors, including flanking LTRs, a packaging signal, 
a primer building site, and one or more genes of interest (pg. 2). Preferred 
embodiments include pseudotyping with the VSV-g protein (pgs. 2-3), the use of 
an Internal Ribosomal Entry Site (pgs. 8-9), and a gene of interest. Examples for 
the latter are given with marker genes such as GFP (pg. 2), or therapeutic genes. 
A specific example herein is the expression of HSV TK, which, in combination with 
treatment with e.g. gancyclovir (pg. 13) leads to specific destruction of cells. The 
application to tumor tissue (pg. 17) is a preferred embodiment. 

Therefore, subject-matter of claims 1-17 is already present in documents D1 and 
D2, and the claims are not novel. 

Industrial Applicability under Art. 33(4^ PCT. 

3) For the assessment of the present claim 13 on the question whether it is 

industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. The EPO, 
for example, does not recognize as industrially applicable the subject-matter of 
claims to the use of a compound in medical treatment, but may allow, however, 
claims to a known compound for first use in medical treatment and the use of such 
a compound for the manufacture of a medicament for a new medical treatment. 

Applicants wished to defer dealing with the issues of Novelty and Industrial 
Applicability to the national phase. 
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WHAT IS CLAIMED IS : 



1. A retroviral particle for delivering a gene to a tumor tissue cell, said 
retroviral particle being pseudotyped with a vesicular stomatitis virus G (VSV G) 
protein. 

2. A tumor-specific retroviral expression vector comprising a suitable 
promoter, a retroviral untranslated sequence including a packaging sequence and a 
primer building site, a cloning site preferably linked to an internal ribosomal entry 
site (IRES), said IRES being operably linked to a first nucleotide sequence 
encoding a suitable marker, and a retroviral 3' long tenninal repeat (LTR) 
sequence, for expressing a second nucleotide sequence inserted in said cloning 
site. 

3. A retroviral expression vector according to claim 2, wherein said 
second nucleotide sequence comprises a therapeutic gene. 

4. A retroviral expression vector according to claim 3, wherein said 
ther^eutic gene comprises a suicide gene. 

5. A retroviral expression vector according to claim 4, wherein said 
suicide gene is TK. 

6. A retroviral expression vector according to claim 4, wherein said 
second nucleotide sequence encodes a Heipes simplex virus thimidine kinase. 

7. A retroviral expression vector according to claim 5 or 6, wherein said 
marker comprises a green fluorescent protein (GFP). 

8. A retroviral expression vector according to claim 5 or 7, wherein said a 
first and second nucleotide sequences arc combined to encode a GFP/TK fusion 
protein. 

9. A plasmid encoding a bicistronic, non-splicing mixrine retrovector 
comprising a multiple cloning site (MCS) operably linked to an enhanced green 
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fluorescent (EGFP) reporter (AP2) for transferring a provirus to a target cell and 
expressing said provirus into said target cell, for co-expressing a nucleotide 
sequence inserted into said plasmid with said EGFP reporter within a bicistronic 
framework, 

10. A replication-defective retroviral expression vector comprising a 
suitable promoter, a retroviral untranslated sequence including a packaging 
sequence and a primer buildmg site, a multiple cloning site (MCS) operably linked 
to an internal ribosomal entry site (IRES), said IRES being operably linked to a 
first nucleotide sequence encoding a suitable marker and, a retroviral 3' long 
temiinal repeat (JLTR) sequence, for expressing a second DNA sequence inserted 
in said MCS. 

11. An expression vector according to claim 10, wherein said marker 
comprises an enhanced green fluorescent protein (EGFP), 

12. An expression vector according to claim 10, wherein said promoter 
comprises a CMV promoter. 

13. A me&od for treating a tumor, the mettiod comprising administering to 
a mammal suspected of having a tumor a retroviral expression vector con^iprising a 
first nucleotide sequroce, said first nucleotide sequence' being therapeutic, and a 
second nucleotide sequence encoding a marker, said first and second nucleotide 
sequences being co-dominantly expressed, and administering to said mammal a 
nucleobase analog. 

14. A method for detecting bt vivo a genetically modified cell with an 
e}q>ression vector according to claim 9 to a tumor tissue cell of a mammal, the 
method comprising administering a retroviral expression vector comprising a first 
nucleotide sequence encoding a retrovirus and a second nucleotide sequence 
encoding a marker, said first and second nucleotide sequences being co- 
dominantly expressed, and detecting the expression of said second nucleotide 
sequence by using one of fluorescence microscopy and flow cytometry techniques. 
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15. A 
method comprising 
vector of claim 9. 



method for producing a retroviral particle according to claim 1, die 
msing stably transfecting a suitable cell line with die expression 
n9. 



16. A method for producing retroviral pardcles^ the method comprising 
transfecting a suitable ceil line with the expression vector of claim 10 and 
transfecting said cell line with a drug resistance plasmid. 

1 7. The cell line obtained by the me&od according to claim 14. 
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